Interacting double dark resonances in a hot atomic vapor of helium 



S. Kumar 1 , T. Laupretre 2 , R. Ghosh 1 Qf. Bretenaker 2 , and F. Goldfarb 2 

1 School of Physical Sciences, Jawaharlal Nehru University, New Delhi 110067, India 
2 Laboratoire Aime Cotton, CNRS - Universite Paris Sud 11, 91405 Orsay Cedex, France 

(Dated: 8 July 2011) 

We experimentally and theoretically study two different tripod configurations using metastable 
helium ( 4 He*), with the probe field polarization perpendicular and parallel to the quantization 
axis, defined by an applied weak magnetic field. In the first case, the two dark resonances interact 
incoherently and merge together into a single EIT peak with increasing coupling power. In the 
second case, we observe destructive interference between the two dark resonances inducing an extra 
absorption peak at the line center. 
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I. INTRODUCTION 

Electromagnetically induced transparency (EIT) in 
three-level A-systems is a phenomenon in which an ini- 
tially absorbing medium is rendered transparent to a res- 
onant weak probe laser when a strong coupling laser is 
applied to a second transition [1 j. In addition to its be- 
ing a quantum interference phenomenon of fundamen- 
tal interest, EIT has been studied extensively for its nu- 
merous applications, such as in slow and fast light, light 
storage, sensitive magnetometry and optical information 
processing. An extension of the usual three-level EIT to 
a four-level double-EIT scheme has been shown to ex- 
pand the utility of EIT in a number of additional, poten- 
tially useful and easily controllable coherent nonlinear 
effects. These include engineering atomic response by 
perturbing a dark state [2H1], and control of group ve- 
locity via interacting dark resonances [5] . The interest in 
four-level tripod-like atomic configurations started with 
an early work [6 showing that in a tripod medium, there 
exists an internal state subspace spanned by two orthog- 
onal dark states, which is immune to spontaneous decay. 
Subsequently, the creation and measurement of a super- 
position of quantum states using stimulated Raman adia- 
batic passage in a tripod have been proposed and demon- 
strated [7J|8]. Simultaneous enhancement and suppres- 
sion of a dark resonance have been observed by nonde- 
generate four- wave mixing in a solid in a tripod-like level 
configuration [9]. Large cross-phase modulation induced 
by interacting dark resonances in a tripod system of cold 
87 Rb has also been reported [10]. Tripod configurations 
with two probes and a common coupling beam have been 
studied in a variety of contexts - theoretically for the 
magneto-optical Stern-Gerlach effect [11], for the experi- 
mental demonstration of light storage at dual frequencies 
[12], in a proposal for all-optical quantum computation 
with efficient cross-phase modulation, and sensitive opti- 
cal magnetometry [13], and experimentally for matched 
slow pulses using double EIT in Rb [14] , and also for the 
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study of nonlinear Faraday effect in an inverted Y model 
in Rb vapor [15] . Interacting dark resonances in tripod 
configurations with two coupling beams and a common 
probe have been used to obtain sub-Doppler and sub- 
natural narrowing of an absorption line, theoretically by 
Goren et al [16], and experimentally by Gavra et al. in 
Rb [17] . A similar scheme has been suggested for appli- 
cations in logic gates and sensitive optical switches [T8] , 

There are several such applications of controllable dou- 
ble dark resonances in four- level tripod systems, and 
there are not many experimental results on tripod sys- 
tems reported in the literature so far. In this context, 
we wish to probe a simple system of 4 He* at room tem- 
perature. This medium has been shown to be an ideal 
candidate for achieving ultra-narrow (less than 10 kHz) 
EIT in a three-level A-system involving only electronic 
spins in the presence of Doppler broadening [19]. We 
have confirmed the true nature of the two-photon pro- 
cess of EIT by our observation of asymmetric Doppler- 
averaged Fano-like transmission profiles in the presence 
of single-photon optical detunings. 4 He* has some pecu- 
liar favorable properties: (i) Velocity-changing collisions 
enable us to span the entire Doppler profile [20 . (ii) The 
absence of nuclear spin simplifies the level scheme and 
eliminates the need for repumping lasers compensating 
for losses into the other ground state hyperfine levels, 
(iii) Diffusive motion increases the transit time of the 
atoms through the laser beam and hence the Raman co- 
herence life-time, (iv) Collisions with the ground state 
atoms do not depolarize the colliding 4 He*. Thus there 
are no background atoms to contribute to noise, (v) Pen- 
ning ionization among identically polarized 4 He* atoms 
is almost forbidden [21]. In the present work, we show 
that 4 He* is a suitable candidate for realizing a clean 
four-level tripod system in a room-temperature gas. The 
excited state 2 3 Po (ra e = 0, |e)) of 4 He* can be coupled 
selectively to the 2 3 5i sublevels, m g = —1 (|#-)), (|#o)) 
and +1 (|#+)), by co-propagating laser beams at around 
1083 nm, with <j + , tt and a~ polarizations, respectively. 
The energy separation between the 2 3 Po and the next 
lower sublevel 2 3 Pi is large (29.6 GHz) compared to the 
Doppler width 1 GHz), allowing one to ensure that 
each transition is isolated. This is not the case, for ex- 
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ample, in Rb [T7] . 

We focus on two different tripod configurations based 
on the interaction of the atoms with linearly polarized 
coupling and probe beams in the presence of a horizon- 
tal transverse magnetic field. In the first case, the probe 
beam has vertical linear (V) polarization and the cou- 
pling beam has horizontal linear (H) polarization, while 
in the second case, the probe beam has H-polarization 
and the coupling beam has V-polarization. We can eas- 
ily switch from one configuration to the other by just a 
change in the orientation of a wave-plate used in the set- 
up. The difference in the configurations comes from the 
number of probe transitions used, yielding a distinctive 
interplay of double dark resonances in each case. With 
4 He* at room temperature, using a weak magnetic field 
and polarization selective transitions mentioned above, 
we experimentally realize a tripod configuration with two 
probed transitions in the first case, and observe that the 
double dark resonances add incoherently, as there is no 
coherence between the two populated probe ground lev- 
els. This configuration serves as a useful reference for 
the second configuration studied with two coupling tran- 
sitions. In the second case, double dark resonances are 
related to coherent population trapping in the ground 
states. As the number of excited states is less than the 
number of ground states, transfer of coherence does not 
play any role [22 . Thus these double dark resonances are 
not stimulated Raman peaks p~6j [23] but detuned EIT 
peaks, interfering destructively with each other leading 
to an absorption dip in-between for non-zero magnetic 
fields. We model the system successfully and verify our 
experimental results. 

The paper is organized as follows. In Sec. II, we de- 
scribe the experimental set-up. In Sec. Ill, we present 
the experimental results and compare them with our nu- 
merical simulations for the two different tripod configu- 
rations. Our conclusions are presented in Sec. IV, with 
hints of potential applications. 



II. EXPERIMENTAL SET-UP 

The experimental set-up is shown in Fig.[l] The helium 
cell is 6-cm long and has a diameter of 2.5 cm, and is filled 
with 4 He at 1 Torr. The cell is placed in a three-layer 
//-metal shield to isolate the system from the earth's mag- 
netic field inhomogeneities. Helium atoms are excited to 
the metastable state by an RF discharge at 27 MHz. We 
use the 2 3 Si 2 3 P transition of 4 He* (D line) with 
the coupling and probe beams derived from a single laser 
at nearly 1082.9 nm wavelength (linewidth ~ 10 MHz), 
with a beam diameter of 1 cm after the telescope. The 
maximum available power for the coupling beam is about 
27 mW, which is large enough due to the fact that the sat- 
uration intensity in 4 He* is very low (0.167 mW/cm 2 ). 
A probe power of 100 fiW has been used throughout. 
The frequencies and intensities of the coupling and probe 
beams are adjusted by the amplitudes and the frequencies 



of the RF signals driving the acousto-optic modulators 
AOM-1 and AOM-2. In our experiment, a variable weak 
magnetic field (B), generated by a pair of rectangular 
coils surrounding the helium cell, removes the degener- 
acy of the lower sublevels. These coils are able to produce 
a constant horizontal magnetic field perpendicular to the 
direction of propagation of the laser beams. We theo- 
retically estimate the magnetic field, which is constant 
within the cell area, and experimentally verify it by a 
teslameter. 
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FIG. 1: (Color online) Experimental set-up. PBS: polariz- 
ing beam-splitter, AOM: acousto-optic modulator, A/2: half- 
wave plate, A/4: quarter- wave plate 



III. DARK RESONANCE PROFILES IN BASIC 
TRIPOD CONFIGURATIONS 

We consider two different tripod configurations, with 
the magnetic field parallel or perpendicular to the probe 
beam polarization. The direction of the static magnetic 
field is taken as the quantization axis. For the helium 
2 3 Si state, the Lande ^-factor is 2.002. The magnetic 
field shifts the metastable 2 3 Si (raj) state by /i#Brajg, 
where fi B = eh/2m e = 9.274 x 10~ 24 J/T is the Bohr 
magneton, and B is the applied magnetic field. This gives 
the Zeeman splitting, Az = /i^Braj^/ft, = 2.8 kHz for B 
= 1 mG. The Rabi frequency of the coupling beam Qq 
is much larger than the Zeeman splitting Az- 

In the rotating- wave approximation [24 , the Hamilto- 
nian of the system can be expressed as 



H = H + H 7 . 

Ho is the unperturbed Hamiltonian, 
H = ^hwi\i){i\, 



(1) 



(2) 



where i = e^g-^g^^g^ corresponds to the different lev- 
els, labeled in Figs.[2|b) and [4^b). Hj is the interac- 
tion Hamiltonian involving the coupling and probe tran- 
sitions. 
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The time evolution of the density matrix operator, in 
the presence of decay, is obtained from the Liouville equa- 
tion as 



7J2 at 45° 



d 

Jt' 



[H,p]+Rp, 



(3) 



where R is the relaxation matrix. The density matrix 
elements obey the conditions pa = 1 and pu = p* t . 
The sources of relaxation in our system are spontaneous 
emission from the excited state to the lower states with 
equal decay rates To/3 (To = 10 7 s _1 ), transit relaxation 
of the atoms through the beams from all allowed states 
with a rate T t 10 3 s _1 ), and Raman coherence decay 
with a rate Tr (« 10 4 s _1 ). In our simple model, we 
do not explicitly take into account the Doppler effect, 
but assume that the optical coherence decay rate T/2tt 
would effectively be given by the width (« 1 GHz) of 
the transition in the Doppler-broadened medium. This 
approximation has already been shown to be valid in the 
case of EIT in a standard three- level system in 4 He* p~9j 

EDI. 
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FIG. 2: (Color online) Tripod configuration with V-polarized 
(a ± ) probes and H-polarized (tt) coupling. 



A. First configuration 



When we set the A/2 plate in front of our helium 
cell at 45° to the incident polarizations, the probe beam 
has V-polarization (<j), perpendicular to the magnetic 
field, while the coupling beam has H-polarization (7r), 
parallel to the magnetic field (Fig.|2|. Levels \e) and 
|<7_)(|<7+)) are coupled by the a + (cr J-polarized compo- 
nents of the weak probe beam of frequency ujp and de- 
tunings Ap = oj e g T — cjp^Az. The strong coupling beam 
of frequency uoq and detuning Ac = uj ego — ujq couples 
the same excited level \e) with the level \go). The Raman 
detuning is S = Ap — Ac- 

We experimentally measure the evolution of the trans- 
mitted probe intensity (in arbitrary units) versus Raman 
detuning (£), as shown in Figs.[3](a)-(c), for coupling pow- 
ers of 1 mW, 10 mW and 22 mW, respectively, with mag- 
netic fields of 0, 10 and 30 mG at each coupling power. 

We model the system by writing the optical Bloch 
equations Q with the relevant interaction Hamiltonian, 
for a coupling beam of Rabi frequency with hori- 
zontal linear polarization (tt) and a probe beam of Rabi 
frequency Sip with two counter-circular polarization com- 
ponents (cr ± ) with respect to the quantization axis (z): 
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We take Ftp <C and consider ftp to first order. 

We assume that the coupling beam is at resonance 
(Ac = 0), the populations p g _ g _ and p g+g+ are ap- 
proximately equal to 0.50, and p gogo ~ ~ p ee . Then 
the steady state solutions of the six coupled optical 



FIG. 3: (Color online) Left panel: Experimentally measured 
transmitted intensity (arb. units) versus Raman detuning 
5, corresponding to the configuration shown in Fig.|2] with 
magnetic field B at (black, open square), 10 (red, circle) 
and 30 (blue, triangle) mG, at coupling powers of (a) 1 mW, 
(b) 10 mW and (c) 22 mW. Right panel, (d), (e) and (f): 
Corresponding numerically calculated transmission profiles, 
with Q c 27rQ c /r, 5 2ir8/T, and A z 27rA z /r. 
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Bloch equations for the coherences p eg _ = p eg _e 
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where 



3^ 2(a T - 

0.5, ai 



j t - (pg T g T - pee) = 0.5, a T = 5 T A z , and 
all rates and frequencies, scaled by T/2tt « 10 9 Hz, are 
denoted by a bar over the corresponding symbols. 

The probe absorption and dispersion are proportional 
to the imaginary and real parts of the susceptibility. We 
obtain an expression for the probe susceptibility as 
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the 



dipole matrix element for the probe transitions, and J\f is 
the atomic density. With the above reasonable approx- 
imations, the imaginary part of the susceptibility from 
Eq. ^ is found to be 



Im [x(wp)] 
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where A = Tr 
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j . The right-hand side of 
a sum of two Lorentzians with centers at 5= ±Az 



(T) 

7) is 

and 

full widths at half maxima of 2 A. The transmission pro- 
files are generated from exp [— fcLIm [x(^p)]]? where k is 
the magnitude of the wave vector of the probe beam, 
and L is the length of the helium cell. The transmission 
profiles versus scaled Raman detuning (5) are shown in 
FigsMd)-(f), with ^ c = 1.8 x 10" 3 , 5.7 x 10" 3 and 8.6 
x 10 , respectively, corresponding to the experimental 
coupling powers, with Zeeman shifts also corresponding 
to the experimental values of the magnetic field. 

In this configuration, as seen in Fig.[3j at zero magnetic 
field, we observe a single EIT peak at the line center [25] . 
When we apply a weak magnetic field, we observe double 
dark resonances for low coupling powers. The two cor- 
responding peaks add incoherently. As we increase the 
coupling power, these two peaks broaden and eventually 
merge together into a single peak at the line center. To 
observe double dark resonances, it is required that all 
population is optically pumped into the \g_) and \g+) 
levels. The fact that this configuration leads to an inco- 
herent sum of two EIT peaks can be easily understood. 
Indeed, the weak probe (treated to first order in the Rabi 
frequency Qp) cannot create any coherence between the 
two populated probe ground levels, and |#+). We 



can thus expect the system to behave as two indepen- 
dent three-level systems connected by the single coupling 
beam, with each three-level system exhibiting its respec- 
tive EIT peak for its particular Raman resonance. 



B. Second configuration 

We now set the A/2 plate in front of the helium cell 
at a specific angle so that this plate behaves as neutral 
for the incident polarizations - the probe beam has H- 
polarization (71"), parallel to the magnetic field, while the 
coupling beam has V-polarization (a), perpendicular to 
the magnetic field (see Fig.[4|. Levels \e) and |g_)(|g + )) 
are coupled by the a + (a - ) -polarized component of the 
strong coupling beam of frequency uoq and detunings Ac 
= oj e g T — ujc =F Az. A weak probe beam of frequency ujp 
and detuning Ap = uo ego — uop couples the same excited 
level \e) with the level |go)- 
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FIG. 4: (Color online) Tripod configuration with H-polarized 
(tt) probe and V-polarized (cr^) coupling beams. 

We again model the system by writing the density 
matrix equations ([3|, with the corresponding interaction 
Hamiltonian for a probe beam of Rabi frequency Qp with 
horizontal linear polarization (tt) and a coupling beam of 
Rabi frequency with two counter-circular polarization 
components (cr^) with respect to the quantization axis: 
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(8) 



The main approximations used are to take Qp <C fie? 
and to consider Qp to first order while taking Qq m all 
orders. 

In our case, Ac = 0, as before. We assume that 
the probe ground level population p gogo is approximately 
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equal to unity, and p g _ g _ ~ « ~ Pee- Then 

the steady state solutions of the three coupled optical 
Bloch equations for the coherences p ego 

P9-90 ~ Pg-go e %< ^ UJp anc ^ Pg+go = Pg 

give 
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whereto = (pg Q g Q -pee) = 1, a T = ^TAz, b = (5+Ac-f , 
and all rates and frequencies, scaled by T/2tt « 10 9 Hz, 
are denoted by a bar on top, as before. 

We obtain an expression for the probe susceptibility as 



A 2 (a- - ir R )(a + - iT R ) 
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^ 2 



(10) 



where q = (6 - iT R ), A 2 = M\p ego \ 2 w /He , and p ego is 
the dipole matrix element for the probe transition. The 
absorption and dispersion of the probe beam are propor- 
tional to the imaginary and real parts of the susceptibil- 
ity. With the above reasonable approximations, we get 
the imaginary part of the susceptibility from Eq. ( 10 ) as 



Im[x(cJ P )] 3A 2 



2a 2 _a\ 



V R y{2T R + x) + t%x 



4a 2 _a\ + 4T R xy + x 2 T\ + 95 2 



l^cl 4 



(11) 



where x — 21^ 



> |^c| 2 



and y = 5 2 



We plot the experimentally measured transmitted in- 
tensity (arb. units) in Figs. [5^ a) -(c), for coupling powers 
of 1 mW, 10 mW and 22 mW. The corresponding numer- 
ically calculated transmission profiles versus scaled Ra- 
man detuning are reproduced in Figs.[5^d)-(f), with the 
corresponding values of f^c = 1.8 x 10 -3 , 5.7 x 10 -3 
and 8.6 x 10 -3 , respectively. In each case, we plot the 
profiles matching the magnetic fields of 0, 10 and 30 mG, 
as in the experiment. Our numerical simulations are in 
good agreement with the experimental results. 

This configuration, at zero magnetic field, as shown 
in Fig. [5} is equivalent to the degenerate two-level sys- 
tem with a a ± coupling and a tt probe. In this case, 
we observe a single EIT peak (black, open square) at 
the line center [T9] , Note that Kim et al. [26] ob- 
served electromagnetically induced absorption (EIA) for 
the two-level degenerate system (F e = F g — 1 with F e > 
1 and F e = F g ) and this anomalous EIA has been in- 
terpreted by the analysis of dressed-atom multiphoton 
spectroscopy [27 . In our degenerate two- level system 
(F e = F g — 1 with F e =0), in place of anomalous EIA, 
we observe an EIT peak at the line center. This EIT 
peak can be explained by the following change of basis, 
which is a simple example of Morris- Shore transforma- 
tion [28 : Replace the two sublevels and by 
the usual dark (\NC) = (|#_) - \g+))/>/2) and bright 
(|C) = (\g-) + \g + ))/V2) states for the CPT in a three- 
level system (|#_), |#+) and |e)) for the coupling beams. 
Since the transition \NC) — » \e) is not allowed, we have 
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FIG. 5: (Color online) Left panel: Experimentally measured 
transmitted intensity (arb. units) versus Raman detuning 
5j corresponding to the configuration shown in Fig. [4] with 
magnetic field B at (black, open square), 10 (red, circle) 
and 30 (blue, triangle) mG for coupling powers of (a) 1 mW, 
(b) 10 mW, and (c) 22 mW. Right panel, (d), (e) and (f): 
Corresponding numerically calculated transmission profiles, 
with Q c 27rQ c /r, 5 2ty6/F, and A z 27rA z /r. 



essentially obtained a three- level system (|C), \go) and 
|e)) with a probe and a coupling beam. Hence we ob- 
serve a single EIT peak at the line center. The widths 
and heights of the EIT windows increase with the cou- 
pling power. 

When we apply a weak transverse magnetic field, the 
degeneracy of the lower levels is removed. In this case, 
two dark resonance peaks appear and they shift from 
the zero detuning position with increasing magnetic field. 
The separation between the two dark resonances varies 
linearly with the applied magnetic field. The double 
dark resonance cannot be explained in terms of transfer 
of coherence from the excited level to the ground level 
[T6l [23] but these dark resonances are two EIT peaks 
at S = ±Az- When the coupling power is increased in 
the presence of the magnetic field, an absorption line ap- 
pears, much narrower and deeper than that found in the 
first configuration, which is the signature of an interfer- 
ence phenomenon between the two induced EIT windows 
[3j[T8]. This is the main result of this paper. It is visible 
in both the experimental data and in simulations that 
these EIT peaks are asymmetric at 10 and 22 mW cou- 
pling powers: the absorption dip walls are sharper than 
the external transparency window lines. Although it is 
well known that EIT profiles become asymmetric when 
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the coupling beam is optically detuned, the optical de- 
tuning given by the Zeeman shift cannot explain such a 
shape: indeed, the detuning in our case is less than 100 
kHz while hundreds of MHz are necessary to obtain any 
significant asymmetry in our system [29] . When compar- 
ing these profiles with the ones obtained with the first 
configuration (see Fig.[3|, one notices here that the dou- 
ble peak transmissions are much higher. For the two val- 
ues of the Zeeman shift used and at high enough coupling 
powers (10 and 22 mW), the transmissions are nearly 
as large as the transmission of the single peak recorded 
without any magnetic field: transmissions seem to be 
given by the total Rabi frequency Qq while the widths 
are much narrower than the width expected with such 
a coupling intensity. The resulting very deep absorption 
line seems to narrow with increasing coupling power in- 
stead of disappearing because of saturation. This is very 
different from the first case, where the transmissions cor- 
responding to 80 kHz of Zeeman shift remain roughly 
half the transmission of this single peak, and the satu- 
ration broadening makes the dip disappear for 50 kHz 
of Zeeman shift. We have checked that an incoherent 
addition of susceptibilities or transmissions would give 
a behavior similar to the first case and cannot explain 
the data recorded in the second configuration: the ab- 
sorption dip appearing at the line center is narrower and 
deeper than is possible by adding two independent best- 
fit EIT profiles. A common picture for EIT in three-level 
systems is to consider that it is the result of interfer- 
ence between two absorption paths, a direct absorption 
from the probed level, and the other which is followed 
by induced emission and reabsorption by the coupling 
beam. In our tripod configuration, there can be emission 
and reabsorption with both <j + and a~ coupling beams. 
The constructive or destructive nature of this interfer- 
ence mechanism depends on the signs of the superposi- 
tions in the two dark states corresponding to the two 
three-level systems. In our case, the components of the 
coupling beam lead to opposite signs for the \g~) «->• \e) 
and \g+) o |e) transition amplitudes. As a result, there 
is a destructive interference between two EIT peaks at 
the center and we observe a sharp absorption dip, look- 
ing like (but different in nature from) EIA [22] , flanked by 
two EIT (detuned) peaks [16]. It is clear from Fig. [5] that 
for fixed magnetic fields, the widths and heights of all the 
EIT windows increase while the width of the absorption 
dip decreases with increasing coupling power (the full- 
widths at half-maxima of the absorption dips are about 
47, 42 and 34 kHz, for coupling powers of 1, 10 and 22 
mW, respectively, at B = 10 mG). In the absence of the 
magnetic field, the narrow absorption dip disappears and 
the system becomes transparent at the line center. 



ing a weak magnetic field and polarization-selective tran- 
sitions. Interesting interplay between the double dark 
resonances has been recorded. 

In the first tripod configuration with two probed tran- 
sitions, when the coupling is parallel to the weak mag- 
netic field, we have observed that two EIT (detuned) 
add incoherently, and for large coupling power, these two 
peaks merge into a single EIT like peak at the line cen- 
ter. Such a double-EIT configuration has potential ap- 
plication in light storage for two frequencies p~2j [13] and 
coupling-induced switch in the presence of a small mag- 
netic field. 

In the second tripod configuration with two coupling 
transitions, when the probe is parallel to the weak mag- 
netic field, we have observed a remarkable destructive 
interference between the two EIT peaks, leading to an 
extra, narrow absorption peak in-between the EIT peaks. 
The absorption feature is seen to become narrower with 
increasing coupling power and could be made subnatu- 
ral even in the presence of Doppler broadening [16 . We 
stress here that our results, shown in Fig. [5] cannot be ob- 
tained from two independent EIT systems, even if one al- 
lows for asymmetric EIT windows resulting from detuned 
(by a few tens of kHz) coupling fields. The absorption 
dip appearing at the line center is narrower and deeper 
than is possible by adding two independent asymmet- 
ric EIT fits. The separation between the observed EIT 
peaks is determined by the applied magnetic field. Such 
a system may be used as a magnetometer, although the 
field values used by us are rather high. The shape of the 
resonances, however, depends critically on the direction 
of the magnetic field, making the sensor anisotropic. For 
known directions of the magnetic field, the symmetry of 
the system offers a specific advantage based on measure- 
ments of differences in frequencies [30]. In the absence 
of the magnetic field, the narrow absorption maximum 
disappears and the system becomes transparent at the 
line center. It thus has the potential to be used as a 
magneto-optic switch, with pulsed operation. 

We have successfully modeled the system. For mixed 
polarizations of the coupling and the probe along the 
quantization axis, the structure of the resonances be- 
comes complex and the features are under further in- 
vestigation. 
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